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Agents

• An agent is an intelligent assistant
– E.g., travel agent

• Provides goal-oriented interface 
– You say what to do, not how to do it.
– Agent has the knowledge to figure out how.

• Copes with uncertainty and error robustly.
– Obtains information needed to complete task
– Tries something else when encountering failure
– Asks for clarification if a request is ambiguous





• Climate-driven increases in global terrestrial net 
primary production from 1982 to 1999. Science, 300, 
1650 (2003).
• 3 research assistants for 12 months
• processed <15 GB of data
• data preparation >80%

• EOSDIS:
• Generates ~3 tera-bytes of data a day.
• Currently holds 2 peta-bytes 
• 1 day = 2 years of HUBBLE Space Telescope
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Dimensions of Autonomy

• Automation
– Automate the generation of the forecasts, analysis of the 

results, and model adjustments
– Generate and record “meta-data” to facilitate later searches 

• Flexibility
– Ease of integration of new models and data sources (“plug 

and play”)

• Robustness
– Adapt to changes and recover form failures
– Out of several sources of the same data use the “best” 

available one
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DPADL
• Inferring effects of data transforms on data requires 

rich descriptions of both
• Data Processing Action Description Language
• Actions describe data-processing operations

– Any number of inputs and outputs
– Causal, declarative representation of data filters
– Object creation, copying, modification

• Declarative and object oriented
• Arbitrary constraints over any static type
• Integration with Java 

– Embedded Java code
• Action execution
• “Procedural” constraints

– Parameters include Java objects 



6/22/2004 NASA Ames Research Center

Ames
Research
Center

Planning for data 
processing

• Initial state = data available
• Goal = data to produce
• Plan = dataflow program
• Actions =

– Earth system models
– Data transformations

• Domain characteristics
– Very large universes
– Complex data structures
– Lots of constraints
+ Highly parallel
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Dataflow plans
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Input data choices
Terra-MODIS FPAR/LAI 1 day 1km, 500m, 250m global, since 2000

Aqua-MODIS FPAR/LAI 1 day 1km, 500m, 250m global, since 2002

AVHRR FPAR/LAI 10 day 1 km global, since 1981

SeaWIFS FPAR/LAI 1 day 1xm x 4  km global

DAO temp, precip, rad, humid 1 day 1.25 deg x 1.0 deg global, since 1980

RUC2 temp, precip, rad, humid 1 hour 40 km USA

CPC temp, precipication 1 day point data USA

Snotel temp, precipitation 1 day point data USA

GCIP radiation 1 day 0.5 deg Continental

NEXRAD precipitation 1 day 4 km USA
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Complex Data Structures
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Planning approach

1. Perform graph analysis to derive
• distance heuristics
• initial variable domains

2. Convert planning problem into CSP
3. Search for solution using heuristics

– Sensors represented as constraints
4. Execute plan, update database and replan if 

needed
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Planning graphs

…
…

…

level 0 level 1 level 2 level 3
level 0 level 1 level 2

+ Good data structure for reachability/cost  analysis
+ Polynomial in problem size
+ Cost = number of steps until proposition(s) possible

– Propositional representation
– All possible ground actions
– All possible ground propositions
– Not feasible when number of objects is large

• thousands of objects could lead to trillions of mutexes
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Lifted planning graphs
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Constraint propagation in PG

QuickTime™ and a TIFF (Uncompressed) decompressor are needed to see this picture.

…

…

…

…

…

• Variable domains recorded for each node
• Values propagated along arcs in graph
• Choice/disjunction → union domains
• Conjunction → intersect domains
• Node splitting to improve propagation
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JDAF• Client-Server
• Provides core services for

– Data acquisition
– Algorithm execution

• Supports many data types, ESML
• Exploits parallelism, provides load balancing
• Written in Java
• Simple API
• Exposed through both RMI and Web Services
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Metadata
• Data product specification

– What information is contained
– How information is encoded in data
– Where the data files are stored/delivered
– When the information pertains to

• Examples
– I want an MPEG movie of yesterday’s weather 

over the SF bay placed on our website
– File dd010101.tar.gz is a compressed archive of 

the downlink directory as of Jan 1, 2001

What
How
Where
When
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JDAF Processing Flexibility
• Adding a new processing algorithm

– Write/modify and compile
– Put it to place where the JVM can load it
– No changes on the server side

• Need only implement simple interface
– Needed by the server for execution
– Must implement the execute() method
– Easy integration even with C/C++ native code

• Schedulable tasks
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Natural Language Interface

Build on Precise NLIDB
1. English → SQL
2. Resolve ambiguity
3. SQL → DPADL
4. Resolve conflicts
5. Planner solves goal
6. User updated with 

result
Plan
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Translator

Planner

SQL
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Goal

DB

A

English Input
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PRECISE queries
• What is the area of Alaska? 
• What is the population of New York? 
• Which are all the states that border Oregon? 
• How many major cities are in Florida? 
• How long is the Colorado River? 
• What rivers traverse Indiana and Illinois? 
• What rivers traverse Indiana or Illinois? 
• What cities are in Texas and have a population of less than 100000 

people? 
• What is the largest city in the smallest state in the US? 
• What states border the state with the largest population? 

http://www.cs.washington.edu/research/projects/WebWare1/www/precise/precise.html
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Comparison to state of art
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PRECISE made no mistakes on 
semantically tractable questions
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Related Work (this session)
• GENESIS

– SciFlo similar to JDAF
– Doppler planner could be used to generate SciFlow “plans”

• IDACT
– Automatic data type transformations
– Restricted form of planning for dataflow generation

• DISCOVER
– Transparent data access
– Use of ESML

• GeoBrain
– A geo-tree is a dataflow plan
– No support (yet) for automatic generation
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• MVP, COLLAGE 

– Scientific image processing, human in the loop
– HTN representation, less need for precise causal 

representation
– No causal reasoning about data, metadata generation

• Chimera
– Data tracking, but no support for causal reasoning

• Amphion, AutoBayes
– Program synthesis using theorem proving
– More expressiveness than needed for many DP problems

• Internet Softbot
– Information gathering and changes to world.
– Could never handle Unix pipes
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• Website: http://ecocast.arc.nasa.gov
• Distributed real-time generation of NPP, GPP, soil 

moisture, and evapotranspiration for continental U.S 
• Planner fully integrated with JDAF
• NLI integration in progress
• IDE (Expert user interface) 

– Domain editor with syntax/error highlighting
– Graphical viewer/editor for plans, constraint network

• Web interface for planner 
– Bare-bones implementation complete
– Work in progress
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Ongoing & Future Work

• Daily phenological monitoring
• Invasive species tracking
• Data visualization
• PRECISE support for TOPS queries
• Translation of PRECISE queries into planner 

goals
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Constraint Satisfaction

x y zvariables
1,2,31,2,3 1,2,3domains

x < y

x + y = z

constraints

propagation


